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The interface between biomolecules and solid surfaces or nanoparticles is relevant to a range of
defence areas including photonics and plasmonics, energy generation and harvesting, armour and
protection, and biosensing.! To drive these applications forward, we need to understand how to manipulate

the structures of these biomolecules adsorbed at the nano-interface. In partnership with experimental
characterization, molecular simulations (Figure 1) can bring unique insights into these interfacial structures?

Our team specialise in the development and deployment of advanced molecular simulation techniques for
these purposes. Here, | will summarize our collaborative developments with experimental researchers? to

determine structure/property relationships of these interfaces.

Figure 1. Snapshot taken from a molecular dynamics simulation of a DNA hairpin adsorbed
on the Auc111)surface (water not shown).

REFERENCES

1. T.R Walsh and M.R. Knecht, Chem. Rev., 2017, 117, 12641-12704
T.R.Walsh, Acc. Chem. Res., 2017, 50, 1617-1624.

Martin, J.A; Chavez, J.L; Chushak, Y ; Chapleau, R.R; Hagen, J.; Kelley-Loughnane, N., Anal Bioanal Chem 2014, 406 (19),
4637-4647.

Tiffany Walsh eamed her PhD degree from University of Cambridge.
She held a Glasstone Fellowship in Dept of Materials at the University of
Oxford, and joined the Dept. of Chemistry, University of Warwick. She is
a Professor of Bio/Nanotechnology at the Institute for Frontier Materials,
Deakin University. Her research interests focus on computational
PFD-I-01 modelling the interface between soft matter and synthetic materials.




PFD-1-02
Molecular Dynamics Simulations of the Self-Sssembly of Drug-Delivery Vehicles

Chris Lorenz

Department of Physics, Faculty of Natural, Mathematical & Engineering Sciences, Kings College London, London WCZ2R 2LS, UK
‘E-mail: chris.lorenz@kcl ac.uk; Tel. +44 207 848 2639

ABSTRACT

Keywords: Molecular dynamics, polymers, lipids, drug-delivery, self-assembly

Nanomedicine has continuously been in the spotlight according to the immense popularity of
nanoscience and nanotechnology. Engineered nanomaterials have been specifically designed for various

applications, including drug delivery, biomedical imaging, bio-sensing, diagnostics and therapy. Both
polymer-and lipid-based nanoparticles have received intensive attention in the area of drug delivery
systems because the hydrophobic drug molecules can be encapsulated in these self-assembled
nanoparticles. In order to optimise the design of these drug-delivery vehicles, knowledge of the interactions
that govern their self-assembly and the encapsulation of small molecules. Molecular dynamics simulations

are frequently used as a tool to gain insight into the molecular scale interactions that govern the behaviour
of materials of all types. In this talk, | will present the recent work done in my group in which we have used

molecular dynamics simulations to investigate solid-lipid nanoparticles and polymeric nanoparticles. In both

cases, | will demonstrate how we have used our simulations alongside complimentary experimental
methods to provide as detailed a multi-scale picture of these systems as possible.
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This talk presents basic principles of molecular simulation techniques and some previous examples
of visualizing molecular systems in atomistic details that help solving some challenge problems in
biosensing, polymers, and protein engineering. Firstly, fundamental of electrochemical selectivity

enhancement for ascorbic acid (AA), dopamine (DA), and uric acid (UA)was unveiled both by density
functional theory (DFT) calculations and atomistic molecular dynamics (MD) simulations (1. The
simultaneous detection of the AADA/UA system has been an open problems in the field of biosensing.
Then, another problem on the local glass transition of polymers induced by carbon-based fillers was
investigated. A microscopic point of view on the molecular motion led to the total understanding of local
transition from the rubbery- into the ‘glassy’ regime and the connection between microscopic and the
macroscopic worlds (2. Finally, two applications on protein engineering are mentioned: (1) two single-point
mutations led to a synergistic effect that enhance the protein stability (3; and 2)the mechanisms of how
protonation of lysozymes at low pH induced the formation of beta structures was also clarified (4.
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Dry reforming of methane (DRM), the solid-catalyzed gas-phase reaction can convert greenhouse
gases into synthetic gas. However, the coke formation over the catalyst particle is a major problem, which
will lead to catalyst deactivation. In this work, the three-dimensional (3D) computational fluid dynamics (CFD)

simulation with chemical reactions which was performed by commercial software ANSYS Fluent to
investigate coke formation behaviour over a spherical alumina-supported nickel catalyst (Ni/Al,O3) particle. A

single spherical catalyst particle model was used with a particle diameter of 2 mm and pore diameter of 10
nm. The CH4CO_ molar ratio of unity was used. The distribution of temperature, reactant and product

profiles inside the catalyst particle were also analyzed. The results show good agreements with
experimental data. In addition, the difference of coke accumulation between catalyst surface and within the
particle zone was observed.
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A systematic study of non-Newtonian Sutterby ferrofluid and heat transfer in the flow due to curved
stretching sheets is presented. Flow is caused by the linear velocity of the curved sheet. Concentration and
energy equations are incorporated in the study of mass and heat transfer impacts. The motile
microorganism equation included the swimming of the gyrotactic microorganism. The governing equations

are transformed from patrtial differential equation to ordinary differential equation and the solved using
Homotopy Analysis method. The velocity is reduced due to dipole and non-Newtonian parameters effects.

Temperature increases with the dipole effect and thermal radiation parameters. Concentration decreases

with an increase in the homogeneous chemical reaction parameter and the concentration of
microorganisms decreases with the Lewis number. Streamlines show that trapping on the curved stretched

surface is uniform.
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A standard technique of humeral shaft fracture treatment is plate and screw fixation Bicortical screws
are commonly used in this technique .However, previous studies reported that the tip of bicortical screws
could damage radial nerve .To avoid the nerve injury, this study was evaluated the biomechanical properties

and optimized the appropriate condition of screw configurations in the humeral shaft fracture using finite
element analysis .Simple humerus models were allocated into six different screw length configurations All

models were tested in axial compression, torsion, and bending . The construct stability was investigated by
stiffness, relative displacement, and von Mises stress The non-inserted screw at the risk position of radial

injury provided low stability which considered by the lowest stiffness in torsion, the highest relative
displacement in torsion and bending, and the lowest von Mises stress compared to other configurations At

the risk position, there was no significant difference in bicortical, unicortical and unicortical abutting screw .

These results suggested that the replacement of unicortical and unicortical abutting screw at the risk
position could provide stability equivalent to bicortical screw fixation .Therefore, this finding may suggest the

screw configurations to remove the risk of radial nerve injury .
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To treat Acromioclavicular (AC)joint dislocation, the two-tunnel Coracoclavicular (CC)ligaments
reconstruction technique is a recommended technique. However, there presents failures from this technique
including tunnel widening and loss of reduction. Previous studies found that the multiple choice of fixation
types may affect treatment failure. Therefore, this study aimed to investigate the stability and effect of four
different fixation methods in two-tunnel CC ligament reconstruction technique using Finite element analysis
(FEA). The simplified surgical procedures were created in four models, which different in tunnel positions
and fixation methods. All models were applied 70 N load in three directions. Maximum von Mises stress and
displacement were analysed. The maximum stress of clavicle bone in all models provided lower value than
bone yield strength (114 MPa). Interestingly, perpendicular tunnel position with O-loop fixation generated
lower stress value in all direction tests than other models. This fixation also exhibited the lowest
displacement value in superior direction, which represented a good stability. Perpendicular tunnel position
with O-loop fixation method may help to decrease risk of failure after treatment due to cumulative stress in
the construct.
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DNA methylation, an epigenetic process by which methyl groups are added to DNA, is associated
with carcinogenesis. It could serve as a universal cancer biomarker (1). Therefore, signature interactions

between methylated DNA and nanomaterials such as graphene oxide (GO)can pave the way for DNA
methylation detection. To unveil their macro-and micro-level mechanisms, molecular dynamics (MD)
simulation and density functional theory (DFT) have been conducted. According to the MD simulations,
methylated and unmethylated DNAs were adsorbed onto GO with different contacting surface areas (CSAs).

The CSA of the methylated and unmethylated ssDNA in water were ~13 nm? and ~5 nm?, respectively,
indicating that GO was more favourable for adsorption of methylated DNA. In the presence of divalent ions

(Mg?), the CSA of both cases was ~8 nm?, suggesting that different adsorption can be observed in water.
Based upon DFT calculation, energy gap of pristine graphene (pG)and GO in the presence of 5-
methylcytosine GmC)were 1.6 and 129 meV, respectively, while the adsorption of cytosine resulted in
lower energy gap (1.2 meV for pG and 9.5 meV for GO). The results in different electrical conductivity of GO
will open the door for universal cancer screening approaches based on GO.

REFERENCES
1. Sina, Abu Ali Ibn, et al, Nat. commun., 2018, 9(1), 1-13.



PFD-0-06
A molecular dynamics study on the diffusion and imprint ability of spectinomycin
under different sizes of aniline oligomers
Chanadan Douykhumklaw'2, Ibra Alam', Piyapong Asanithi', and Thana Sutthibutpong'.

Theoretical and Computational Physics Group, Department of Physics, KMUTT, Thailand. Faculty of Science, King Mongkut's
University of Technology Thonburi.
Theoretical and Computational Science Center (TaCS), Science Laboratory Building, Faculty of Science, King Mongkut's
University of Technology Thonburi KMUTT), 126 Pracha-Uthit Road, Bang Mod, Thrung Khru, Bangkok 10140, Thailand.
‘E-mail: thana sut@mail kmutt ac.th email; Tel +66 967434712

ABSTRACT
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Molecularly imprinted polymer (MIP)is the polymer created by molecular imprinting techniques that

leaves cavity for the specific interactions with a template molecule, and has been applied in molecular
selectivity tasks. In this study, molecular dynamics (MD) simulation was used to prove that aniline oligomer

could be developed as an MIP for the detection and separation of the spectinomycin drug molecule for
gonorrhoea treatment. MD simulations were performed to compare the mean square displacement (MSD)

and the diffusivity of spectinomycin within aniline oligomers of different sizes. The calculations showed that

the diffusion coefficient was significantly dropped when the size of aniline oligomer is more than two
monomers. Then, the distances between pairs of aniline monomers were measured to monitor the geometry

of cavity created when the spectinomycin is absent. The analysis showed that aniline tetramer sustained
most of its cavity geometry and therefore the optimal oligomer size for further development of MIP.
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Figure 1. Chemical structures and simulation setup for proved by MD; @) spectinomycin that is template
molecule; (b) aniline oligomer; and (c)64 nm? simulation box that was added
spectinomycin and anilines
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This article investigates the influence of ramped wall velocity and ramped wall temperature on time
dependent, magnetohydrodynamic (MHD) natural convection flow of some nanofluids close to an infinitely

long vertical plate nested in porous medium. Combination of water as base fluid and three types of
nanoparticles named as copper, titanium dioxide and aluminum oxide is taken into account. Impacts of
nonlinear thermal radiation flux and heat injection,consumption are also evaluated. The solutions of principal
equations of mass and heat transfer are computed in close form by applying Laplace transform. The
physical features of connected parameters are discussed and elucidated with the assistance of graphs. The

expressions for Nusselt number and skin friction are also calculated and control of pertinent parameters on
both phenomena is presented in tables.
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In this research article, we investigated a comprehensive analysis of time-dependent free
convection electrically and thermally conducted water-based nanofluid flow containing Copper and Titanium
dioxide (Cu and TiO2) past a moving porous vertical plate. A uniform transverse magnetic field is imposed
perpendicular to the flow direction. Thermal radiation and heat sink terms are included in the energy
equation. The governing equations of this flow consist of partial differential equations along with some initial
and boundary conditions. The solution method of these flow interpreting equations comprised of two parts.

Firstly, principal equations of flow are symmetrically transformed to a set of nonlinear coupled
dimensionless partial differential equations using convenient dimensionless parameters. Secondly, the

Laplace transformation technique is applied to those non-dimensional equations to get the close form exact
solutions. The control of momentum and heat profile with respect to different associated parameters is
analyzed thoroughly with the help of graphs.
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With increasing power densities in next-generation data center equipment, Computational Fluid
Dynamics (CFD)is a promising tool for identifying cooling inefficiencies to save costs and improve server
reliability (11. The accuracy of these simulations depends on grid spacing. While fine grids capture flow
characteristics more accurately, their heavy computational demands render them impractical in large-scale
simulations. Therefore, determining suitable grid spacing is the key to balancing simulation accuracy and
computational demands (2.

In this preliminary work, we explored the extent of simulation accuracy which gains from grid
refinement. Here, we investigated the effect of grid spacing on data center simulation results using a steady-

state pressure-based SIMPLEC solver. To determine the effect of the proposed method, we performed two
near-constant refinements on a uniform grid and assessed spatial convergence with Roache’s Grid
Convergence Index [31. The relative errors of each grid were calculated based on values obtained by
Richardson extrapolation (4. A non-conformal grid was created with spacing informed by the uniform grid
error data.

Our preliminary results suggest that uniform, locally-coarsened non-conformal grids produce results
comparable to conformal grids with similar minimum spacing. A further study would involve assessing
potential efficiency gains from non-uniform grids by performing unidirectional coarsening.
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Figure 1. Non-conformal cold-aisle data center grid with localized refinement.
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In this work the Dirac delta comb function is used as a basis function to approximate the full wave
function in the variational method. The validity of using this basis function was tested by calculating the

electronic band structure of silicon (Siy, germanium (Ge)and a-tin (Snyin diamond structure having 8 atoms
in cubic unit cell), using the modified Falicov type of atomic formfunctions. The kinetic energy term of the

Hamiltonian was approximated by the second order central finite difference method, which makes the
Hamiltonian matrix identical to that obtained by conventional finite difference method, which shows the
identity of the two approaches. The computation time per one k-point in the band structure diagram by using

3024 basis functions with the Dirac delta function basis is smaller than with the plane waves basis, e.g.
requiring 0.293, 0.206 and 0.28 minutes for the full band structure when using finite difference
approximations with the order of accuracy of A?, A4, and AS, respectively, compared to 0.48 minutes with

the plane wave basis, which is widely used in electronic structure codes, making the A* finite difference
accuracy with the Dirac delta basis the most efficient choice. Furthermore, the Dirac delta function basis

shows their method with scales as Oy, while the plane wave approach should scale as Om log nyand with
the complexity of the fast Fourier transform.
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Figure 1.(Top left) The potential in real space in silicon unit cell, (Top right)the energy band structure of
silicon calculated with plane waves basis (solid), and with the Dirac delta functions basis with the finite
difference approximation, and (bottom)the full energy band structure computation time, calculated with the
plane waves basis (black) and with the Dirac delta functions basis with the finite difference approximation.
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